Cells of the gram-positive organism Lactobacillus acidophilus R-26 were labeled with 3H-thymine to measure the segregation of radioactive deoxyribonucleic acid (DNA) into daughter cells. Such cells were found to contain 8 (12a, 14).
tribution of radioactive deoxyribonucleic acid (DNA) among dividing cells led to a model for chromosome segregation in bacteria (12, 13) . According to this model ( Fig. 1) , chromosome replication cannot be initiated unless both polynucleotide strands of the DNA molecule are attached to a segregation apparatus of the cell [in bacteria, this has been assumed to be an element of the cell surface, possibly the cell membrane (8) ]. When replication is completed, each newly formed chromosome is permanently attached to the cell by the polynucleotide strand which served as a template during replication. Thus, the unit of segregation is a single polynucleotide strand which becomes attached to the cell permanently when it is used for the first time as a template in replication.
This model is consistent with the segregation of markers located on different replicating elements, such as episomes and chromosomes (9; Rownd, personal communication), and has correctly predicted chromosomal segregation patterns in Bacillus subtilis (5) and in eukaryotic systems (12a, 14) .
In the present paper, a direct test of the model in Fig. 1 is described. We have used Lactobacillus acidophilus R-26, a gram-positive organism which requires thymine when grown in the absence of folic acid (17) . Segregation of its DNA, therefore, can be studied by autoradiography. We have succeeded in preparing fluorescent antibody (FA) which will combine with this organism. In the experiments which follow, we have studied the segregation of radioactive DNA vis-'a-vis the cell surface.
MATERIALS AND METHODS
Cultures of L. acidophilus R-26 were maintained on solid medium and grown in the defined medium lacking folic acid as described by Soska (17) . Exponential growth with a generation period of 60 min was routinely observed with a Coulter counter, model B.
FA was prepared by injecting rabbits (intravenously) twice a week with 2 X 108 cells of a saline vaccine (prepared from a stationary-phase culture which was treated for 24 hr with 0.2% Formalin, and then washed and suspended in saline). When test bleedings indicated a high agglutination titer, the animals were bled from the heart, and the antibody was purified by precipitation with 18% Na2SO4 (10, 11) . Fluorescein iso-thiocyanate was coupled to the antibody (4), and the FA was purified by dialysis and passage through Sephadex G-25.
Methyl labeled 3H-thymine was obtained from New England Nuclear Corp., Boston, Mass. Radioactivity of this compound has been shown to be incorporated exclusively into the DNA of Lactobacillus (18) .
Cells were transferred into and out of media containing 3H-thymine by collecting 1 to 5 ml of culture on membrane filters (18) this extrapolation has been discussed elsewhere (13) .]
This estimate also indicates the presence of about four radioactive units in pulse-labeled cells and eight in continuously prelabeled cells.
These results indicate the presence of two replicating chromosomes per cell. Moreover, since a pulse of radioactivity labels all of the cells, we may conclude that DNA replication occurs during the entire division cycle.
When the number of labeled cells began to decrease, they did not decrease to 50% within a span of one generation (Fig. 3) . This indicates that some chromosome fragmentation (which may be analogous to sister-chromatid exchange in higher cells) is occurring during replication. A similar situation has been observed with E. coli (6, 7, 13) . The data do not justify an exact estimation of the extent of chromosome fragmentation in L. acidophilus. However, the data in Fig. 3 can be best fitted by assuming that each labled nucleotide strand produces a fragment about once every 7 to 10 generations [a value similar to that reported in detailed studies of E. coli (6) These problems were overcome by observing cells growing on solid medium. When microcolonies were allowed to develop from FAlabeled cells, it was found that during division most of the fluorescence was conserved over a few viable cells, and a small part was evenly dispersed over all of the cells of the microcolony (Fig. 4a) After removal of the FA by centrifugation, the cells were dispersed and spread on agar plates overlaid with a film of collodion. After 6 hr of incubation at 39 C, the microcolonies were fixed with Formalin and transferred on the collodion to microscope slides. Autoradiographs were prepared, and after 100 days of exposure were developed. These were examined in the fluorescent microscope and in the phase-contrast microscope (see Fig. 4 ), and pictures were taken. These pictures supplemented by direct study in the phasecontrast microscope were used to map the location of silver grains in relation to the fluorescent spots. A summary of the data is presented. Fig. 4a, b , and c.
Association of radioactive DNA with conserved units of the cell surface. According to the model in Fig. 1 KCI containing FA. After 1 hr, the cells were centrifuged out of the antibody solution and were spread on collodion-covered solid media to make microcolonies. Another sample was labeled with 3H-thymine for 20 min and was immediately placed in FA. Microcolonies were also made from these cells. The microcolonies were dipped in film and allowed to expose. After development, fluorescent centers were located and pictures were taken. The same colonies were also photographed under phase contrast to locate silver grains. Examples of such photographs are shown in Fig.  4 . The photographic film quenched the fluorescence slightly, but not sufficiently to pose a serious problem. When the pictures were compared, each fluorescent spot was carefully checked for the presence of radioactivity. The data are presented in Table 2 . Only those colonies were scored in which the bacteria were spread in a sheet and which had well-defined areas of fluorescence.
It is clear that fluorescence is associated with radioactivity most frequently in cells in which the DNA was labeled more than a generation before the addition of FA.
As was to be expected from the data in Table 1 , the amount of radioactivity per microcolony was much less in cells labeled 1.5 generations prior to antibody labeling than in those labeled just before. Nevertheless, this radioactivity was concentrated in fluorescent cells in the former but not in the latter.
The term 1n2 fo5 2xdx represents additional nonradioactive nucleotide strands which may be expected to act as templates and which were synthesized between the end of the radioactive pulse and the time of FA treatment. Table 2 demonstrates that DNA forms a permanent association with a part of the cell envelope which is synthesized during the generation after synthesis of the DNA itself. This is consistent with the model in Fig. 1 which assumes that such an association does not occur until the polynucleotide strand is used as a template in replication (which would occur in the generation after its synthesis).
From the data in Table 2 , it is possible to estimate the number of conserved units of cell surfaces as between two and four per FA-labeled cell. As was to be expected, the number of such units was the same in pulse-labeled and pulse-prelabeled ceUs, since in both experiments FA labeling took place immediately before cells were allowed to form microcolonies. These results are similar to those obtained by others for grampositive organisms (1) (2) (3) .
On the other hand, there were about half as many grain clusters in pulse-prelabeled cells as in pulse-labeled cells. This is a result of the cell division which occurred between incorporation of the radioactive label and the formation of microcolonies. The absolute number of grain clusters observed is higher than would be predicted by assuming two replicating chromosomes per cell (Fig. 2) . However, this could result from fragmentation of the radioactive DNA during replication, a phenomenon observed previously in E. coli (6, 7, 13) and in higher organisms (15, 16, 19) . Thus, the data in Table 1 and Fig. 3 Our data do not establish a direct attachment of DNA to the cell wall (nor do we wish to suggest this), since attachment to the membrane or other internal structure and, in turn, attachment of this to the cell wall would yield the results which we have observed. Studies of the type undertaken by Jacob, Ryter, and Cuzin (9) in which tellurium is used to label the cel membrane indicate that it is also conserved during cell growth.
Our studies have established a union between template DNA and some structure of the cell surface. The nature of this structure must await its isolation with the DNA template still attached.
